The clinical impact of arrhythmias on the continuum of critical illness is unclear, and data in medical intensive care units (ICU) is lacking. In this study, we distinguish between different types of arrhythmias and evaluate if their distinction is of clinical importance based on ICU length of stay and mortality outcomes. Methods: We performed a retrospective analysis of 215 patients in a community-based teaching hospital medical ICU. Variables gathered include sociodemographic data, arrhythmias identified and interpreted by the study team, and admission diagnoses coded into clinical mediator categories based on theorized common risk pathways. Univariable and multivariable Poisson regression models were used to identify risk factors for developing arrhythmias by type, prolonged length of stay, and hospital mortality. Results: Significant arrhythmia was detected in 28.8 % of subjects with most new arrhythmia events developing within the first 3 days of ICU stay. Acute myocardial ischemia and acute kidney injury at the time of ICU admission were associated with an increased risk of developing supraventricular arrhythmias (SVA) (RR = 2.02; 95 % CI 1.08-3.78 and RR = 1.93; 95 %CI 1.09-3.37, respectively). SVA in the first 3 days of ICU stay was associated with an increased risk of prolonged ICU stay (RR = 1.47; 95 % CI 1.09-1.97). After controlling for clinical mediators, development of SVA was not independently associated with in-hospital mortality. No mediators significantly increased the risk of developing ventricular arrhythmias (VA). VA were not associated to prolonged ICU stay but were associated with increased risk of hospital mortality (RR = 1.93; 95 % CI 1.18-3.15). Conclusions: It is important to distinguish between supraventricular and ventricular arrhythmias for outcomes in the medical ICU setting. Developing a new VA increases the risk of in-hospital mortality independently. Developing a new SVA increases the risk of having a prolonged ICU stay but does not appear to increase in-hospital mortality independently. These findings suggest that the development of a VA should be considered an independent morbid event and not necessarily the end result of a complicated clinical course, while a new SVA may be considered a cardiac complication of the disease continuum which may add complexity to an ICU stay.
Background
Arrhythmias are common clinical events in the intensive care unit (ICU) setting. The frequency and prognosis associated with arrhythmias vary according to the clinical setting in which they occur. Arrhythmias have been reported to occur in 15.7 and 19.7 % of patients in the surgical and medical ICU settings, respectively [1] . In one epidemiologic study of critically ill patients, it was reported to be as high as 78 % [2] . Nevertheless, the clinical impact of many arrhythmias in the continuum of critical illness is somewhat unclear. In some studies, arrhythmias have been implicated as a marker of disease severity in critically ill patients [3] . They have also been associated with increased length of stay in the ICU, worse clinical outcome, and increased mortality [4, 5] . In the setting of cardiovascular surgery, the development of post-operative atrial fibrillation is considered a significant source of morbidity [6] . The development of ventricular arrhythmias (VA), although less common, are considered to be relevant clinical events [7, 8] .
The clinical course of patients receiving care in the medical ICU is usually complex in nature with the presence of multiple concomitant insults to target organs in the form of renal, cardiac, and pulmonary illness. The co-existence of these morbid conditions in ICU patients makes it difficult to establish an association between a specific arrhythmia, an individual clinical scenario, and ultimately patient outcomes. The increasing human and resource utilization in ICU patients with arrhythmias argues for a more detailed evaluation of the clinical impact of arrhythmias in the ICU setting [9] .
The majority of published studies evaluating the prevalence and relevance of arrhythmias in critically ill patients focus on cardiac vs. non-cardiac surgical patients, while data in the setting of a general medical ICU is less abundant. Our study focused on patients admitted to a medical ICU and aimed to elucidate the effects of simultaneous dysfunction in multiple target organs and the clinical scenarios associated to the development of atrial or ventricular arrhythmias. We hypothesized that similar clinical scenarios would have common mediating effects on heart arrhythmias and sought to establish which of these clinical scenarios would increase the risk of arrhythmias along with their association to patient outcomes. In addition, our study evaluated the distinction between supraventricular arrhythmias (SVA) and VA and their clinical importance on patient outcomes.
Methods

Study design
After Institutional Review Board (IRB) approval from the Universidad Central del Caribe School of Medicine, we performed a retrospective and prospective evaluation of patient records from patients older than 21 years of age admitted to the medical ICU at the Hospital Universitario Ramón Ruiz Arnau in Bayamón, Puerto Rico, from January 1, 2010 to February 28, 2011. Waiver of informed consent was granted by the IRB. Records from all admissions to the 5-bed general ICU of the community-based teaching hospital were evaluated. ICU patients were either direct admission to the ICU or transfers from the general wards. Patients were considered to be positive for arrhythmia if they presented with a new arrhythmia in the first 10 days of ICU stay. Patients with chronic arrhythmias were only considered if a new and different arrhythmia was detected. Arrhythmias which directly triggered cardiac decompensation and advanced cardiac life support (ACLS) procedures were included in our analysis. Arrhythmias and other waveforms which were present during ACLS or chest compressions were not included.
Arrhythmias were identified by a data gathering team that included two board certified internists and a senior internal medicine resident and was instructed to record any non-sinus rhythm. All electrocardiograms, rhythm strips (routinely printed every 4 h), and code cart strips available in the records were analyzed for the first 10 days of ICU stay for every patient in the study. Arrhythmias were first interpreted by the data gathering team using all available information and then confirmed by a review team of two board certified internists and one board certified cardiologist. If there was a disagreement on the appropriate interpretation of arrhythmia, a majority ruling was accepted. Arrhythmias were interpreted according to established definitions.
A supraventricular event was defined as having at least one non-sinus rhythm of supraventricular origin, excluding sinus arrhythmia and premature supraventricular contractions (PSC). A ventricular event was defined as having at least one non-sinus rhythm of ventricular origin, excluding premature ventricular contractions (PVC). Arrhythmias were classified according to their nature into Isolated (if the arrhythmia consisted of only one event) and Recurrent (if the same arrhythmia recurred with a period of at least 2 h of sinus rhythm between events) and according to their duration into Shortlasting (all events lasted under 24 h), Prolonged (at least one event over 24 h), and Permanent (event persisted continuously throughout the hospital stay) for descriptive purposes. Recurrent arrhythmias were considered as one event for analysis.
Arrhythmias were managed according to established protocols by treating physicians. Hemodynamically unstable patients with ventricular arrhythmias were treated with electrical cardioversion or defibrillation depending on morphology. Stable patients with monomorphic ventricular tachycardia were treated with IV amiodarone bolus and subsequent infusions. Hemodynamically unstable patients with SVA were given immediate electrical cardioversion. Stable patients with SVA were given IV diltiazem boluses and subsequent infusions. Correction of potassium levels were performed as required.
Acute diagnoses
The ICU admission diagnoses were tabulated within 24 h of ICU admission. Acute ICU admission diagnoses were classified into general categories termed clinical mediators, which were divided according to their theorized modifying effect on arrhythmias. These did not include chronic pre-existing conditions unless there was an acute exacerbation present. The following clinical mediator categories were utilized: Acute Respiratory Failure (ARF), Acute Myocardial Ischemia (ISC), Shock (SHK), Hyperglycemia (GLU), Acute Kidney Injury (AKI), Local infection The number of clinical mediators within a given patient was tallied. Patients were grouped based on the number of clinical mediators present: 0-2, 3-4, and 5 or more. These categories were used in statistical analyses as a measure of complexity of critical illness.
Statistical analyses
Descriptive statistics, such as medians and proportions, were used to describe the population. Sociodemographic characteristics, lifestyle risk behaviors, presence of clinical conditions, patients' ICU length of stay, and in-hospital mortality were all evaluated according to the occurrence of arrhythmias using the Kruskal-Wallis test on continuous variables and chi-square or Fisher's exact tests on categorical variables. Post hoc assessments were carried out to identify which groups differed in the bivariate analyses. Differences in continuous variables were measured using Dunn's test while differences in proportions were evaluated calculating z tests and adjusting by the Bonferroni method.
Poisson working models with robust variance estimators [10] were employed to determine the factors independently associated with arrhythmias, ICU length of stay >5 days, and in-hospital mortality, as this procedure was found to be the most appropriate [11] . For ICU length of stay, only arrhythmias in the first 3 days of stay were utilized for calculating extended stay (over 5 days) in order to maintain temporality and therefore assess risk. Sociodemographic variables and categories based on the sum of diagnostic mediators were included in the final models if their association with dependent variables resulted in a p < 0.20 on previous univariable analyses. Results were reported as relative risks (RR) with their respective 95 % confidence intervals (95 % CI). Statistical significance was set at the 0.05 level, and all tests were two-sided. Stata/SE (Version 12.1, College Station, TX, USA) and IBM SPSS Statistics 20 were used to carry out the analyses.
Results
Study population
A total of 267 patients were admitted to the medical ICU between January 1, 2010 and February 28, 2011. Two-hundred nineteen records were available for review, of which four were excluded due to age and missing data. Our cohort consisted of 215 subjects ( Fig. 1) . One hundred and six (49.3 % of total) patients had arrhythmia (rhythm other than sinus) with a total of 197 arrhythmias events. Fifty-five patients had one arrhythmia event, 30 had two events, 10 had three events, 5 had four events, 4 had five events, and 2 patients had six different arrhythmia events. Eighty-two patients had at least one premature contraction event (premature ventricular or supraventricular contractions), and in 44 of these patients premature events were the only arrhythmia event. A total of 62 (28.8 % of total) patients had supraventricular or ventricular arrhythmia events other than premature contractions. Of these, 44 patients had at least one SVA event, 27 patients had at least one VA event, 9 of these patients had at least one of both SVA and VA events. A total of 93 arrhythmia events were recorded. In Table 1 , we present the descriptions of the arrhythmias documented. The most frequent supraventricular event was atrial fibrillation (33.3 % of SVA), which was also the most common arrhythmia overall (10.1 % of total events), while ventricular tachycardia was the most common ventricular event (51.5 % of VA).
We analyzed the sociodemographic variables as a function of the absence of arrhythmias, and the presence of significant arrhythmias (SVA or VA), or premature contractions (PVC or PSC only) ( Table 2 ). Patients with premature contractions were generally older and were more likely to be retired (51.2 %), have Medicare as their health insurance (38.6 %), have a history of alcohol drinking (38.1 %), and a history of hypertension (81.8 %) and congestive heart failure (22.7 %) than those in the Fig. 1 Arrhythmia flow chart by study subject. Flow of subjects enrolled into the study divided by the presence and type of the first arrhythmia. Subgroup of subjects with more than one type of arrhythmia is presented at the right. other groups. Patients with arrhythmias had a significantly higher in-hospital mortality rate (46.8 %) when compared to the other two groups (no arrhythmias: 19.3 % and premature complexes: 15.9 %).
The majority (73.0 %) of patients presented their first event within 72 h of admission to the ICU (Fig. 2 We also analyzed the clinical mediators associated with the arrhythmias in the study ( Table 3 ). The most common ICU clinical mediators were acute respiratory failure (50.2 %) followed by local infection (47.0 %) and acute kidney injury (42.3 %). There was a significant difference in the occurrence of acute kidney injury (p = 0.004), decompensated CHF (p = 0.016), and systemic infection/inflammation (p = 0.036) between the arrhythmia status groups. Patients with GI bleeding and intoxication were few in number, and they lacked the power to perform statistical analysis, so these mediators were excluded from regression models.
Results of univariable and multivariable regression analyses evaluating the association of clinical mediators, sex, and age with the different types of arrhythmias are presented in Table 4 . Older age, acute respiratory failure, shock, acute myocardial ischemia, acute kidney injury, local infection, and systemic infection were found to be associated to SVAs at a level of p <0 .20. When these factors were included in the multivariable model, only acute myocardial ischemia (RR = 2.02; 95 %CI 1.08-3.78) and acute kidney injury (RR = 1.93; 95 % CI 1.09-3.37) were associated with a significant increased risk of SVAs. No clinical mediators were identified which could be associated with the presence of VAs. Older age categories and decompensated congestive heart failure were found to be associated to premature complexes in univariable analyses. The multivariable model revealed older ages (51-70 years and over 71 years vs. 21-50 years) were associated with an increased risk of premature complexes (RR = 4.82; 95 % CI 1.48-15.70 and RR = 6.07; 95 % CI 1.88-19.65, respectively).
Outcomes
Chi-square analysis revealed that prolonged or permanent duration of SVAs was associated with increased ICU length of stay (more than 5 days) (p = 0.015). Prolonged or permanent duration of VA events was not associated to increased ICU stay (p = 0.437). Prolonged or permanent duration of SVA and VA events was not associated to in-hospital mortality, (p = 0.759 and p = 0.999, respectively). Results of univariable and multivariable analyses of the associations between arrhythmias and length of ICU stay (over 5 days) and in-hospital mortality are shown in Table 5 . Older age, having three or more clinical mediators, and presenting SVA in the first 3 days of ICU stay were associated with a prolonged ICU stay (more than 5 days) at a p < 0.20. Notably, having VAs or premature complexes in the first 3 days of ICU stay was not associated with prolonged ICU stay in univariable analyses. The multivariable model confirmed the association of SVA in the first 3 days of ICU stay with an increased risk of prolonged ICU stay (RR = 1.47; 95 % CI 1.09-1.97).
Older age, higher number of clinical mediators, SVA, VA, and premature complexes were all associated with an increased in-hospital mortality at p < 0.20. The multivariable Poisson regression model suggested a significant association of VA and increased risk of in-hospital mortality (RR = 1.93; 95 % CI 1.18-3.15), while controlling for the other factors. Finally, SVA and premature complexes were not associated with mortality.
Discussion
In our single-center medical ICU study, we found that the incidence of significant arrhythmias (SVA or VA) was 28.8 % and that supraventricular arrhythmias were associated with a 47 % increased risk of prolonged ICU length of stay while ventricular arrhythmias were associated with a 93 % increased risk of in-hospital mortality.
We found that most new arrhythmias occurred in the first 3 days of ICU stay. After adjusting for methodological differences (our ICU day 1 = post op day 0), this Denote which groups have statistically significant differences after post hoc comparisons (p < 0.05) Fig. 2 Onset of the first arrhythmia by ICU stay and type. Initial detection of the first arrhythmia for subjects admitted to the ICU, organized by day of ICU stay and site of origin of significant arrhythmia. Premature complexes were excluded from analysis pattern is comparable to several studies that have shown arrhythmias shortly after thoracic surgery [7, 12, 13] .
Other studies in medical ICUs have shown similar patterns [14] . This suggests that the ICU admission event may be considered comparable to surgery in terms of the temporality of developing new arrhythmias. One objective of our study was aimed at analyzing acute conditions which may modulate development of arrhythmias. We found that having acute myocardial ischemia and acute kidney injury upon admission to the ICU was associated with increased risk of developing SVA after controlling for other factors. This is in line with data where acute infarction was associated with rhythm abnormalities [15] and new onset atrial fibrillation [16] . Increases in cardiac dysrhythmias have also been found to be in greater prevalence in complex cardiovascular patients [17] . Elevated initial serum creatinine levels have also been associated to the development of atrial fibrillation, a type of SVA [16] . Other studies have also found association between atrial fibrillation and acute kidney injury in cardiac surgery patients [18] . Our findings suggest that acute myocardial ischemia and acute kidney injury may be considered independent risk factors for developing SVA when present at ICU admission.
Our results indicate that development of VAs was not found to be associated to any particular diagnostic mediator. We also found that VAs occurred mostly in the first 72 h after admission to the ICU (>50 %), and there was a trend to continue developing new arrhythmias throughout the entirety of ICU stay more than SVAs. This may mean that ICU admission diagnoses are not good predictors of developing VAs and that the developing clinical condition throughout an ICU stay is more important than the admission diagnosis for ventricular arrhythmias. Indeed, other studies have shown that chronic conditions are not good predictors of new onset sustained VA in coronary artery bypass graft patients [7, 19] . An alternate hypothesis for the lack of associations in VA could be that patients who developed ventricular arrhythmias had different predisposing baseline conditions. To test this, we performed univariable analyses of pre-existing conditions (results not presented), and there were no significant differences between our comparison group and the groups with different types of arrhythmias. So, in our cohort, the lack of associations cannot be explained by this hypothesis.
Supraventricular arrhythmias were significantly associated with mortality in univariable analysis, but this effect was attenuated when included in the regression model with the clinical mediators derived from ICU admission diagnoses, supporting previous data that suggests that SVA are markers of disease severity [12, 14] , although, in certain clinical scenarios, arrhythmias such as atrial fibrillation can add significant morbidity [20, 21] . Indeed, SVAs were found to be associated with prolonged length of stay when controlled for age and diagnostic mediators, replicating the pattern that has been demonstrated in other studies [4, 22] . We found that SVA events of over 24 h duration were also associated to prolonged length of ICU stay, supporting the notion that development of an atrial arrhythmia adds to the complexity of managing an ICU patient, which may increase ICU length of stay. Ventricular arrhythmias were not associated with prolonged length of stay but were associated with inhospital mortality. Although we did not directly measure the temporal relationship between mortality and VAs, one explanation could be that patients with higher mortality have shorter ICU length of stay than survivors. The association with mortality persisted after controlling for clinical mediators and other types of arrhythmias. Numerous mediators in a single patient may represent increased complexity of illness overall, and while increasing number of clinical mediators increased the risk of in-hospital mortality, the association of VA and mortality was not significantly attenuated by the inclusion of this variable in our analyses. One study on the mode of death after cardiac arrest revealed that almost 75 % of patients that died after in-hospital cardiac arrest due to ventricular tachycardia, ventricular fibrillation, or pulseless rhythm were not due to purely cardiovascular causes [23] . Our data suggests that ventricular arrhythmias in the medical ICU patient population may be considered an independent contributor to mortality instead of part of the continuum of critical illness or the end result of a complicated clinical course.
We found that decompensated congestive heart failure and older age increased the risk of developing premature complexes. Premature ventricular complexes are common and may increase the risk of other ventricular dysrhythmias [24] and cardiomyopathy [25] . In our study, the development of PVCs and PSCs were not associated with increased risk of prolonged ICU length of stay or mortality. The subset of patients who had premature complexes as their only arrhythmia in our cohort were older and more frequently had congestive heart failure and hypertension as pre-existing conditions. This suggests that the development of these abnormal rhythms may be a marker of baseline heart disease, but not an important contributing event in the evolution of an ICU hospitalization.
Our study continues to add to the currently limited data on arrhythmias in medical ICUs. It expands on previous reports by detailing what clinical scenarios are likely to increase the risk of different types of arrhythmias and by exploring the differential effect of SVA vs. VA on outcomes. Our study is limited by a relatively small sample size. Our sample was also obtained from a 
Conclusions
Our findings suggest that arrhythmias behave similarly in medical patients compared to surgical patients in terms of the temporality of developing new arrhythmias. Our findings also suggest that acute myocardial ischemia and acute kidney injury are related to development of SVAs, that premature complexes do not add to morbidity or mortality, that SVAs add to morbidity but not mortality, and that VAs are independent risk factors for mortality.
